Whereas the genetic risk for type 1 diabetes is linked to human leukocyte antigen (HLA) class II genes, the HLA association in type 2 (non-insulin-dependent) diabetes is less clear. The association between HLA class II genotypes and type 2 diabetes was examined in adult Bahrainis, an Arab population with a high prevalence of type 2 diabetes. HLA-DRB1* and -DQB1* genotyping of 86 unrelated type 2 diabetes patients (age, 51.6 ؎ 8.2 years; mean duration of diabetes, 7.7 ؎ 7.1 years) who had a strong family history of diabetes (52 of 72 versus 0 of 89 for controls, P < 0.001) and 89 healthy subjects was done by PCR-sequence-specific priming. DRB1*040101 (0.1221 versus 0.0562, P ‫؍‬ 0.019) and DRB1*070101 (0.2151 versus 0.0843, P < 0.001) were positively associated, while DRB1*110101 (0.0698 versus 0.1461, P ‫؍‬ 0.014) and DRB1*160101 (0.0640 versus 0.1236, P ‫؍‬ 0.038) were negatively associated with type 2 diabetes. DRB1*040101-DQB1*0302 (0.069 versus 0.0007; P ‫؍‬ 0.004), DRB1*070101-DQB1*0201 (0.178 versus 0.0761, P ‫؍‬ 0.007), DRB1*070101-DQB1*050101 (0.125 versus 0.0310, P ‫؍‬ 0.002), and DRB1*150101-DQB1*060101 (0.0756 versus 0.0281, P ‫؍‬ 0.008) were more prevalent among patients, while DRB1*160101-DQB1*050101 (0.0702 versus 0.0349, P ‫؍‬ 0.05) was more prevalent among controls, conferring disease susceptibility or protection, respectively. In Bahrainis with type 2 diabetes, there is a significant association with select HLA class II genotypes, which were distinct from those in type 1 diabetes.
Whereas type 2 (non-insulin-dependent) diabetes mellitus is the most common form of diabetes, its specific etiology is not yet known (31, 34) . Its frequency varies in different racial and ethnic subgroups (31, 34) and is often associated with a strong familial, likely genetic, predisposition (31, 34) , more so than autoimmune type 1 (insulin-dependent) diabetes mellitus (31) . The genetics of type 2 diabetes are complex and not clearly defined (31, 34) . Among a subgroup of autoimmune type 1 diabetes, latent autoimmune diabetes in adults, there is a slowly progressive form of ␤ cell destruction generally occurring in adults who present with an initial clinical picture of type 2 diabetes but who have autoantibodies found in type 1 diabetes and who subsequently develop insulin deficiency (34) .
While the role for HLA in the pathogenesis of type 1 diabetes was reported by several groups (11, 17) , its role in type 2 diabetes is less clear, and weak links between human leukocyte antigen (HLA) class II and type 2 diabetes were reported for some ethnic groups. Previous investigation of the contribution of HLA class II in type 2 diabetes pathogenesis focused on HLA relationship with autoimmune markers and latent autoimmune diabetes in adults (4, 15, 32) , possible genetic interaction between type 1 and type 2 diabetes in families (20, 21, 26) , and its association with complications and mortality in type 2 diabetes patients (6, 13, 25) .
Very few studies examined the prevalence of HLA class II allele and haplotype per se, and most examined a possible role for HLA class II in type 2 diabetes in relation to autoimmune markers and latent autoimmune diabetes in adults, genetic interaction between type 1 diabetes and type 2 diabetes, and association with complications of diabetes. This was exemplified by the findings that DRB1*0405 (7) , DQB1*0201 and DQB1*0302 (32), DRB1*03/04-DQB1*0302 (15) , and DRB1* 03-DQA1*0502-DQB1*0201 (DR3-DQ2) (8) were positively associated with type 2 diabetes in anti-glutamic acid decarboxylase (GAD)-positive type 2 diabetes subjects. In addition, increased frequency of HLA-DR3 and -DR4 was reported in islet cell autoantibody-positive patients with secondary failure to oral antidiabetic drugs (10, 12) . Increased frequency of HLA-DRB1*1502 was also seen in anti-GAD-positive patients who remained well controlled on oral antidiabetic drugs (7) . Furthermore, tumor necrosis factor alpha was associated with predisposition to subsequent insulin dependency in GAD-positive HLA-DRB1*1502-DQB1*0602 (22) or DQB1*02 (19) type 2 diabetes patients, suggesting an interplay between HLA genotypes and other polymorphic markers in dictating the progression of type 2 diabetes. Others failed to link HLA class II (DQA1 and DQB1) with type 2 diabetes (4, 5), and it would appear that the association between HLA class II and type 2 diabetes is racially and geographically restricted.
Recently, we demonstrated in Bahraini type 1 diabetes patients that the genetic risk for disease pathogenesis is strongly linked to HLA class II loci, as select HLA-DRB1 and -DQB1 alleles and haplotypes conferred disease susceptibility or resistance to type 1 diabetes (1). Bahrainis, an Arabian Peninsula population, have previously been reported to have a high prevalence of type 2 diabetes (2), and to date there are no reports on the association of HLA with the pathogenesis of type 2 diabetes. This study was therefore undertaken to examine the association between HLA class II genotypes and type 2 diabetes in this population.
MATERIALS AND METHODS

Subjects.
The study group included 86 unrelated adult patients (45 females and 41 males; mean age, 51.6 Ϯ 8.2 years), who were diagnosed as type 2 diabetes based on 1998 World Health Organization diagnostic and classification criteria (34) and who attended the diabetes clinics at two hospitals in Bahrain. None of the patients had ever had ketoacidosis. Treatment for diabetes included diet and/or oral antidiabetic drugs and/or insulin (to achieve glycemic control); all subjects commenced on insulin therapy had been treated with oral drugs for at least 2 years (Table 1 ). Family history of diabetes (52 of 72) or body mass index did not influence selection of subjects.
The control group included 89 unrelated healthy subjects (46 females and 43 males; mean age, 49.3 Ϯ 5.9 years) with no known personal or family history of diabetes. None were first-degree relatives of other subjects in the control group or study group; they were not known to have diabetes, although occult disease was not excluded. All participants were Bahraini Arabs, and non-Arab Bahrainis or recently naturalized Bahrainis were excluded. The Arabian Gulf University Ethics Committee approved the study (which was done according to Helsinki guidelines), and informed consent was obtained from all participants according to the study protocol.
For all subjects, demographic details were recorded, which included age; gender; ethnic origin; age of onset, duration, and first-degree family history of diabetes; history of hypertension, dyslipidemia, ischemic heart disease, and other medical illness; history of chronic complications of diabetes, treatment for diabetes, including date of initiation and/or discontinuation of oral agents or insulin; and history of other medication. Where available, the historical information was verified from the clinic records. After an overnight fast, venous blood samples were collected for measurement of plasma venous glucose, autoantibodies, HLA genotype, HbA 1c , serum urea, and electrolytes and liver function tests; albumincreatinine ratio was measured on a spot urine sample.
Autoantibody measurements. Anti-GAD, islet cell autoantibody, and insulin autoantibodies were determined by enzyme immunoassay on two separate occasions independently, with the Biomerica (Newport Beach, Calif.) and DRG International (Marburg, Germany) assay kits. Each sample was tested twice on each kit system, and results were scored as positive or negative, as per manufacturer's specification.
HLA genotyping. Total genomic DNA was extracted from the peripheral blood mononuclear leukocytes from study participants by the phenol-chloroform method, as is standard, and was used for PCR analysis. The HLA-DRB1 and-DQB1 gene alleles were analyzed with the PCR sequence-specific priming technique, with the SSP2L HLA class II (DRB/DQB) genotyping kit according to the manufacturer's specifications (One Lambda, Thousand Oaks, Calif.). PCR products were analyzed on 2.5% (wt/vol) agarose gels stained with ethidium bromide (0.5 g/ml).
Data analysis. Allele frequencies were determined as described previously (11) with the HLAStat 2000 software, which also computed the P values and odds ratios. The frequencies of the most frequent haplotypes were determined by the maximum likelihood method, with the Arlequin population genetics data analysis software (28) . Additional statistical analysis was performed with SPSS version 12.0 for Windows statistical package.
RESULTS
Clinical characteristics. The study group included 86 type 2 diabetes subjects and the control group comprised 89 subjects, who were matched for gender (41 males and 45 females versus 43 males and 46 females, P ϭ 0.498) and age (51.6 Ϯ 8.2 versus 49.3 Ϯ 5.9 years, P ϭ 0.063). In the study group, the mean age at diagnosis of diabetes was 43.5 Ϯ 11.7 years, and mean duration of diabetes (at entry into the study) was 8.5 Ϯ 7.3 years (Table 1) . When compared with the control group, the study subjects had a higher body mass index (29.36 Ϯ 5.80 versus 24.32 Ϯ 4.23 kg, P Ͻ 0.001) and higher mean fasting plasma glucose (P Ͻ 0.001) and HbA 1c (P Ͻ 0.001). There was a low prevalence of anti-GAD (P ϭ 0.0637), islet cell autoantibody (P ϭ 0.05), insulin autoantibodies (P ϭ 0.188), and the "double-positive" islet cell autoantibody-insulin autoantibodies (P ϭ 0.138) in the study and control groups, which were not different between the groups (Table 1 ). In addition, there was a strong family history of diabetes among patients (52 of 72) but not among controls (0 of 89) (P Ͻ 0.001).
Frequencies of HLA-DRB1 and -DQB1 alleles. The distribution of the HLA-DRB1 alleles is summarized in Table 2 . The allelic frequencies of DRB1*040101 and DRB1*070101 were significantly higher in the study group than in the control group ( Table 2 ). The frequency of DRB1*110101, DRB1* 160101, and to a lesser extent DRB1*1413 was lower in type 2 diabetes patients ( Table 2) . Differences in the frequencies of other DRB1 alleles were not different between the study and control groups. In contrast to DRB1 alleles, no differences in the frequencies of DQB1 alleles were observed between the two groups (Table 3) .
DRB1-DQB1 haplotype frequency. Table 4 shows the distribution of the HLA-DRB1 and -DQB1 haplotypes. The haplotypes which were positively associated with type 2 diabetes included, in order of strength, DRB1*040101-DQB1*0302 (P ϭ 0.004, RR 13.28); DRB1* 070101-DQB1*050101 (P ϭ 0.002, RR 4.20); DRB1* 150101-DQB1*060101 (P ϭ 0.008, RR 2.83); and DRB1*070101-DQB1*0201 (P ϭ 0.002, RR ϭ 2.58). A negative association was observed for DRB1*160101-DQB1*050101 (P ϭ 0.05, RR ϭ 0.48). No relationship was observed for any specific genotype or combinations in subjects who were autoantibody positive (data not shown).
HLA class II haplotypes in Bahraini type 1 and type 2 diabetes patients. We compared the HLA class II haplotypes associated with type 2 diabetes with the haplotypes associated with type 1 diabetes among Bahraini patients. DRB1*030101-DQB1*0201 and DRB1* 030101-DQB1*0302, while conferring disease susceptibility in type 1 diabetes, were neutral in type 2 diabetes (Table 5) . Similarly, DRB1* 070101-DQB1*050101, DRB1* 040101-DQB1*0302, and DRB1* 150101-DQB1*060101, while positively associated with type 2 diabetes, were not associated with type 1 diabetes (Table 5 ). Furthermore, DRB1* 070101-DQB1*0201 was positively associated (susceptible) with type 2 diabetes, but negatively associated (protective of) with type 1 diabetes (Table 5 ). Collectively, this demonstrated that the HLA class II usage in type 2 diabetes is distinct from that of type 1 diabetes among Bahraini patients.
DISCUSSION
This study has shown that in Bahrainis with type 2 diabetes, there is a significant association with select HLA-DRB1 and -DQB1 alleles and haplotypes; with positive association seen with DRB1*-040101 and Ϫ070101 alleles, and DRB1*040101-DQB1*0302, DRB1*070101-DQB1*050101, DRB1*150101-DQB1*060101, and DRB1*070101-DQB1*0201 haplotypes. Moreover, negative association was seen with the DRB1*-110101 and Ϫ160101 alleles, and the DRB1*160101-DQB1*050101 haplotype. While association of DRB1*070101 was reported for Mexican (24) and Turkish (3) type 2 diabetes patients, no other study has reported a positive association between type 2 diabetes and these genotypes (7, 9, 12) , including studies that used HLA genotyping methods (9, 14) .
Earlier studies with serologic markers suggested an association between type 2 diabetes and class I (5, 23, 33) or class III (18) but not class II antigens (5) in non-European populations (16, 23, 29, 30) . By contrast, for Europeans most studies suggested that there was no HLA association in type 2 diabetes, with the notable exception of two studies on Finnish subjects in which class I (11, 12) and class II antigens (12) were associated with type 2 diabetes. In the latter study, type 2 diabetes patients had a higher frequency of HLA-B7, -DR2, -DR5, -Cw4, and -DR3/4 when compared with either type 1 diabetes patients or controls (12) . Furthermore, in two studies with genotyping methods, no association was found with class II antigens (DR, DQ, and DX) in Punjabi Sikhs (14) , while a positive association with HLA-DQA genes was reported for Belgians (9) . In the limited reports in Arab populations with serological HLA typing (16, 27) , no association was found for class I or III antigens in Iraqis (16) , while in a mixed cohort of Kuwaiti type 1 and type 2 diabetes subjects, HLA-DR3 and -DR4 were present in 50% of subjects, but this was related to younger age at disease onset and a positive family history (27) .
The positive association of DRB1*070101 with type 2 diabetes was reminiscent of similar findings for Mexican (24) and Turkish (3) patients, suggesting a role for it in type 2 diabetes pathogenesis. However, the negative association reported here for DRB1*110101 or for DRB1*160101 has not been previously reported for type 2 diabetes in other populations and is probably accounted for by the fact that hardly any studies have examined only the prevalence of the DRB1 alleles with type 2 diabetes.
Although the DQB1 region was examined in some of the studies on the relationship with autoimmune markers (4, 15, 32) and in some family studies (21, 26) , direct comparison was not possible, despite the fact that a few studies have examined DQB1*0201 (8, 20, 26, 32) or DQB1*0601 (15, 20, 22) . This is so because these studies reported on genotype combinations (see below) and not on the frequency of the specific genotype. While there was no association of a particular DQB1 allele individually with Bahraini type 2 diabetes patients, the presence of specific DQB1 alleles, in particular DQB1*050101 and DQB1*060101, in specific haplotypes conferred disease susceptibility (DRB1*15010101-DQB1*060101) or resistance (DRB1*16010101-DQB1*050101).
The uniqueness of the HLA class II usage in Bahraini type 2 diabetes patients was evidenced by comparing DRB1-DQB1 haplotypes most prevalent in type 1 diabetes and type 2 diabetes patients ( Table 5 ). It was clear that there was distinct association specific of DRB1-DQB1 haplotypes in either diabetes types. For example, "disease-susceptible" haplotypes in type 1 diabetes, such as DRB1*03010101-DQB1*0201 (1), were neutral in type 2 diabetes, while the DRB1*070101-DQB1*050101 "type 2 diabetes-susceptible" haplotype was neutral in type 1 diabetes patients (1) . In view of the similar ethnic backgrounds of type 1 and type 2 diabetes patients compared above, this confirms the uniqueness of the HLA class II usage in Bahraini type 2 diabetes patients.
Previous studies reported comparable associations of HLA-DRB/DQB haplotypes in type 2 diabetes, together with "type 1 high-risk" genotypes, including HLA-DQB1*0201/0302 (32) and HLA -DRB1*04-DQB1*0302 (15) , both of which were present at higher frequencies in GAD-positive type 2 diabetes patients. By contrast, no association was found with the latter combination in this study, and GAD positivity among Bahraini type 2 diabetes patients (5.81%) was significantly lower than that of type 1 diabetes patients (32.61%) of the same ethnic and socioeconomic background (1) . Of interest is that one of the positively associated genotype combinations included HLA-DQB1* 0201, a "high-risk" genotype for type 1 diabetes in Caucasians, especially in association with HLA-DRB1*03 (15) .
Based on our earlier and current findings, it is tempting to speculate that depending on the DRB1* genotype they are associated with, DQB1* 0201 and DQB1*050101 may confer "type 1" or "type 2" diabetes susceptibility or resistance. Clearly, this would need to be confirmed in studies in other ethnic groups. Of interest was the increased prevalence of the DRB1*150101-DQB1*060101 haplotype among Bahraini patients with type 2 diabetes. Previous studies which looked into the possible role of DQB1*0601 reported that in GAD-positive, DRB1*1502-QB1*0601-positive patients initially diagnosed as having type 2 diabetes, tumor necrosis factor alpha was associated with predisposition to subsequent insulin dependency (19, 22) . In the Finnish study (8) , the frequency of the "type I protective alleles" HLA-DQB1*0602 and *0603 was similar in control subjects and GAD-positive and GADnegative type 2 diabetes patients, but lower in type 1 diabetes subjects.
HLA class II molecules play a decisive role in presenting antigens, including autoantigens, during the T-cell activation cascade. While the implications of our findings remain to be determined, it is tempting to speculate that the positive and negative association of the DRB1*-DQB1* haplotypes with type 2 diabetes is due to differential affinity for antigenic fragments presented by each haplotype. Accordingly, susceptible haplotypes may bind to and present specific antigens, thereby precipitating hypoglycemia, while "protective" haplotypes may have reduced or no affinity for such antigens.
In conclusion, this study has clearly demonstrated that in Bahrainis, a population with a high prevalence of type 2 diabetes (Ͼ22% of the adult population), there is a significant association with both HLA-DRB1 and -DQB1 genotypes, with some alleles and haplotypes appearing to confer susceptibility and others playing a protective role. A larger study which addresses class II genotype distribution among type 2 diabetes from other communities, in particular those of neighboring countries (Qatar, Kuwait, and Oman) with a high prevalence of type 2 diabetes, is needed to confirm the association of select HLA class II alleles and haplotypes with type 2 diabetes pathogenesis and/or response to therapy.
